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•  HMT-­‐West	
  Legacy	
  
•  ObservaIons	
  
•  NWP	
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  Flash	
  Flood	
  and	
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  Winter	
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  Experiment	
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  Programs	
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  2	
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  II	
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•  Future	
  work	
  

Outline	
  



The	
  Hydrometerology	
  Testbed	
  (HMT)	
  conducts	
  research	
  on	
  precipitaIon	
  and	
  
weather	
  condiIons	
  that	
  can	
  lead	
  to	
  flooding,	
  and	
  fosters	
  transiIon	
  of	
  scienIfic	
  
advances	
  and	
  new	
  tools	
  into	
  forecasIng	
  operaIons.	
  HMT's	
  outputs	
  support	
  
efforts	
  to	
  balance	
  water	
  resource	
  demands	
  and	
  flood	
  control	
  in	
  a	
  changing	
  
climate.	
  	
  HMT	
  aims	
  to:	
  
	
  
•  accelerate	
  the	
  development	
  and	
  prototyping	
  of	
  advanced	
  hydrometeorological	
  

observaIons,	
  models,	
  and	
  physical	
  process	
  understanding	
  

•  foster	
  infusion	
  of	
  these	
  advances	
  into	
  operaIons	
  of	
  the	
  NaIonal	
  Weather	
  
Service	
  (NWS)	
  and	
  the	
  NaIonal	
  Water	
  Center	
  (NWC)	
  

•  support	
  the	
  broader	
  needs	
  for	
  21st	
  Century	
  precipitaIon	
  informaIon	
  for	
  flood	
  
control,	
  water	
  management,	
  and	
  other	
  applicaIons	
  

NOAA	
  Hydrometeorology	
  Testbed	
  (HMT)	
  



hmt.noaa.gov	
  

New	
  items	
  
posted	
  2-­‐4	
  Imes	
  

per	
  month	
  



hep://www.hpc.ncep.noaa.gov/hmt/	
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Why	
  do	
  we	
  need	
  HMT?	
  	
  	
  
Example:	
  	
  Precipita?on	
  Forecast	
  Skill	
  

1 inch!

2 inches!

4 inches!

Courtesy Dave Novak, NOAA/NWS/WPC"



Why	
  Improve	
  QPF?	
  
Improving	
  the	
  amount,	
  type,	
  locaIon	
  and	
  Iming	
  of	
  quanItaIve	
  precipitaIon	
  
forecasts	
  (QPF)	
  and	
  probabilisIc	
  quanItaIve	
  precipitaIon	
  forecasts	
  (PQPF)	
  are	
  
key	
  elements	
  to	
  enhance	
  the	
  informaIon	
  content	
  and	
  reliability	
  of	
  these	
  
forecasts.	
  

Water	
  Resource	
  Managers	
  	
  

Agriculture	
  

Transporta?on	
  

Emergency	
  Management	
  

Who	
  needs	
  accurate	
  
and	
  reliable	
  QPFs?	
  

Public	
  



Examples of several key drivers for improved understanding 
and prediction of the water cycle. (Courtesy Don Cline)"

An	
  Interagency	
  Planning	
  Workshop	
  on	
  Water	
  
Cycle	
  Science	
  for	
  NOAA	
  recommended	
  
several	
  goals	
  that	
  HMT	
  addresses	
  and	
  called	
  
for	
  increased	
  support	
  and	
  for	
  coordinaIon	
  
with	
  other	
  agencies.	
  

Water	
  is	
  One	
  of	
  NOAA’s	
  Five	
  	
  
Grand	
  Science	
  Challenges	
  
hep://nrc.noaa.gov/CouncilProducts/WhitePapers.aspx	
  



HMT	
  Field	
  Program	
  Loca?ons	
  



HMT-­‐West	
  Research	
  has	
  Iden?fied	
  Atmospheric	
  
Rivers	
  (ARs)	
  as	
  the	
  Primary	
  Meteorological	
  Cause	
  of	
  	
  
Extreme	
  Precipita?on	
  &	
  Flooding	
  on	
  U.S.	
  West	
  Coast	
  

Ralph,	
  F.M.,	
  and	
  M.D.	
  
Dehnger,	
  2011:	
  Storms,	
  
Floods	
  and	
  the	
  Science	
  of	
  
Atmospheric	
  Rivers.	
  	
  EOS,	
  
Transac,ons,	
  Amer.	
  
Geophys.	
  Union.,	
  92,	
  
265-­‐266.	
  

1 2 3 4 5 6 7 
IWV (g cm-2) 

Atmospheric	
  River	
  Informa?on	
  Page:	
  	
  h^p://www.esrl.noaa.gov/psd/atmrivers/	
  

“On	
  average,	
  about	
  30-­‐50%	
  of	
  annual	
  
precipitaIon	
  in	
  the	
  west	
  coast	
  states	
  
occurs	
  in	
  just	
  a	
  few	
  AR	
  events.”	
  

“A	
  strong	
  AR	
  transports	
  an	
  amount	
  of	
  water	
  
vapor	
  roughly	
  equivalent	
  to	
  7.5–15	
  Imes	
  
the	
  average	
  flow	
  of	
  liquid	
  water	
  at	
  the	
  
mouth	
  of	
  the	
  Mississippi	
  River.”	
  



HMT	
  AR	
  DetecIon	
  Tool	
  
hep://www.esrl.noaa.gov/psd/psd2/coastal/satres/data/html/ar_detect_gfs.php	
  

GFS analysis 
time out to 7-
day forecast"

IWV (left)"
IVT (right)"



See Thursday, 4:30-4:50 !
!
Application and Extension of the Automated Atmospheric River 
Detection Tool in HMT"
 "
Gary A. Wick1, Darren L. Jackson2, and David Reynolds2"
1NOAA/ESRL/PSD, 2CIRES University of Colorado"
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An	
  AR-­‐focused	
  long-­‐term	
  observing	
  
network	
  is	
  being	
  installed	
  in	
  CA	
  as	
  part	
  
of	
  a	
  MOA	
  between	
  CA-­‐DWR,	
  NOAA	
  and	
  
Scripps	
  Inst.	
  of	
  Oceanography	
  
-­‐  Installed	
  2008-­‐2014	
  
-­‐  100	
  field	
  sites	
  
-­‐  See	
  White	
  et	
  al.	
  (JTech,	
  2013)	
  

HMT-­‐West	
  Legacy	
  
Project	
  in	
  California	
  is	
  
implemen?ng	
  key	
  land-­‐

based	
  sensors	
  	
  

Atmospheric	
  
River	
  	
  

Observatories	
  
(AROs)	
  

Snow-­‐level	
  radars	
  

Nov. ‘14"

Sep. ‘14"

"
"

"
"

"
"

"

"

"

Apr. ‘14"

Oct.14"

"



HMT-­‐Legacy	
  Network	
  Instrument	
  FuncIon	
  

  Land-­‐based	
  GPS	
  Sensor	
  –	
  measure	
  the	
  fuel	
  (water	
  vapor	
  
content)	
  carried	
  by	
  the	
  winds	
  as	
  the	
  storm	
  makes	
  landfall.	
  

 Wind	
  Profilers	
  –	
  measure	
  the	
  rate	
  at	
  which	
  the	
  fuel	
  is	
  being	
  
supplied	
  to	
  generate	
  heavy	
  rain	
  (fuel	
  rate)	
  

  Snow-­‐level	
  Radar	
  (S-­‐band	
  profilers)	
  –	
  measure	
  the	
  depth	
  of	
  
the	
  atmosphere	
  warmer	
  than	
  freezing.	
  	
  Deeper	
  this	
  layer	
  more	
  
moisture	
  is	
  available	
  and	
  the	
  higher	
  the	
  elevaIon	
  snow	
  will	
  fall	
  
in	
  the	
  mtns.	
  	
  Higher	
  snow	
  level	
  more	
  runoff	
  will	
  occur.	
  	
  

  Soil	
  Moisture	
  Sensor	
  –	
  measure	
  the	
  moisture	
  content	
  of	
  the	
  
soil	
  and	
  calibrate	
  that	
  to	
  field	
  capacity	
  to	
  determine	
  runoff	
  
potenIal.	
  	
  	
  



	
  Google	
  Map	
  IWV	
  from	
  GPS	
  Met	
  StaIons	
  
Water	
  vapor	
  obs.	
  
onshore	
  fill	
  gap	
  in	
  
satellite	
  observaIons	
  

Atmospheric river!



Atmospheric	
  River	
  Observatories	
  Fill	
  Largest	
  
Single	
  Monitoring	
  Gap 

	
  



HMT-­‐Legacy	
  Network	
  Atmospheric	
  River	
  
Observatory	
  

•  ¼-­‐scale	
  449-­‐MHz	
  
wind	
  profiler	
  

•  Radio	
  acous?c	
  
sounding	
  system	
  

•  10-­‐m	
  surface	
  met.	
  
tower	
  

•  GPS	
  receiver	
  



HMT Weather 
Forecast Model"

Coastal Wind "
Profiler"

Prior Forecasts"

GPS Water Vapor"

Coastal and "
Mtn. Rainfall"

Water Vapor Flux: the"
fuel for precipitation"

HMT	
  Real-­‐Ime	
  
Upslope	
  Water	
  Vapor	
  
Flux	
  Tool	
  Display	
  

Snow Level"

Providing	
  forecasters	
  
with	
  the	
  cri?cal	
  
observa?ons	
  to	
  
determine	
  how	
  ARs	
  are	
  
impac?ng	
  the	
  area	
  and	
  
how	
  model	
  forecasts	
  are	
  
portraying	
  the	
  AR	
  
condi?ons	
  and	
  orographic	
  
precipita?on	
  
enhancement.	
  



CA-­‐DWR	
  and	
  U.S.	
  DOE	
  are	
  jointly	
  
supporIng	
  a	
  coastal	
  network	
  of	
  
seven	
  atmospheric	
  river	
  
observatories.	
  	
  This	
  “picket	
  fence”	
  
will	
  provide	
  the	
  first	
  line	
  of	
  defense	
  
for	
  winter	
  storms	
  that	
  pound	
  the	
  
West	
  Coast	
  each	
  year.	
  	
  	
  This	
  
network	
  will	
  be	
  completed	
  over	
  the	
  
next	
  two	
  years.	
  



Snow	
  level	
  

Snow-­‐level	
  Radar	
  

  Provides	
  proxy	
  snow-­‐level	
  height	
  during	
  
precipitaIon	
  events	
  

  UIlizes	
  proven	
  FMCW	
  technology	
  to	
  
substanIally	
  lower	
  cost	
  

  Uses	
  the	
  patented	
  ESRL	
  automated	
  snow-­‐
level	
  detec?on	
  algorithm	
  proven	
  in	
  
na?onwide	
  field	
  experiments	
  

  Less	
  than	
  8’	
  diameter	
  footprint	
  
  Low-­‐power	
  requiring	
  minimal	
  infrastructure	
  

Photo	
  by	
  P.	
  Johnston	
  

Colfax, CA!
Elev. 636 m!



~21 kt"
motion "
allows 3 to 
12 hrs "
lead time of 
front and 
cessation of 
heavy rain"

1-2 
Dec 
2012"



HMT-­‐Legacy	
  Network	
  Soil/Sfc.	
  Met.	
  



Saturation"
Excess"
Runoff"

•  Russian	
  River	
  of	
  NorCal	
  	
  
was	
  impacted	
  by	
  three	
  
separate	
  precipita?on	
  
events	
  within	
  a	
  five	
  day	
  
period	
  in	
  late	
  Nov.	
  to	
  
early	
  Dec.	
  2012.	
  	
  

	
  	
  
•  Peaks	
  in	
  Russian	
  River	
  

stream	
  flow	
  were	
  
observed	
  each	
  ?me	
  the	
  
observed	
  precipita?on	
  
rate	
  and	
  amount	
  kept	
  
the	
  10	
  cm	
  soil	
  at	
  field	
  
capacity	
  for	
  a	
  period	
  
longer	
  than	
  3	
  h.	
  	
  

	
  
•  The	
  15,000	
  cfs	
  flow	
  peak	
  

that	
  occurred	
  early	
  on	
  3	
  
Dec.	
  was	
  0.42	
  m	
  below	
  
flood	
  stage	
  for	
  this	
  
loca?on.	
  	
  

	
  



See	
  Thursday	
  Poster	
  Session,	
  2:10-­‐3:30	
  
	
  
Using	
  NOAA	
  Hydrometeorolgical	
  Testbed	
  Soil	
  Moisture	
  Observa?ons	
  in	
  Flood	
  
Forecas?ng	
  
	
  	
  
Robert	
  Zamora1;	
  Rob	
  Cifelli1;	
  Chengmin	
  Hsu2;	
  Lynn	
  Johnson3;	
  and	
  Allen	
  White1	
  
1NOAA	
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  Science	
  Division,	
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  USA	
  
2Coopera,ve	
  Ins,tute	
  for	
  Research	
  in	
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  Sciences,	
  University	
  of	
  Colorado	
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  /	
  NOAA	
  
Earth	
  System	
  Research	
  Laboratory,	
  Physical	
  Science	
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  USA	
  
3Coopera,ve	
  Ins,tute	
  for	
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  in	
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  University	
  /	
  NOAA	
  Earth	
  System	
  
Research	
  Laboratory,	
  Physical	
  Science	
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  Colorado,	
  USA	
  
	
  



Benefit	
  of	
  Expanded	
  ObservaIon	
  
Networks	
  Recent	
  Past	
  and	
  Near	
  Future	
  	
  
 Allowed	
  us	
  to	
  begin	
  a	
  climate	
  record	
  of	
  land-­‐falling	
  AR	
  
magnitude,	
  duraIon,	
  relaIonship	
  to	
  flooding,	
  seasonality.	
  	
  	
  

 Allowed	
  us	
  to	
  define	
  the	
  spaIal	
  and	
  temporal	
  resoluIon	
  
needed	
  to	
  monitor	
  extreme	
  rainfall	
  events	
  	
  

 Allowed	
  us	
  to	
  define	
  the	
  criIcal	
  observaIons	
  that	
  we	
  need	
  
to	
  properly	
  model	
  extreme	
  events	
  -­‐	
  gaps	
  

  Test	
  beds	
  have	
  provided	
  the	
  scienIfic	
  credibility	
  needed	
  to	
  
bridge	
  the	
  research	
  to	
  operaIons	
  gap	
  	
  -­‐	
  Sustainability	
  –	
  not	
  
just	
  a	
  research	
  project…	
  

  Expand	
  capability	
  to	
  all	
  areas	
  in	
  the	
  west.	
  	
  



See	
  Thursday,	
  12:50-­‐1:10	
  
	
  
WRF	
  Microphysics	
  Valida?on	
  with	
  HMT	
  Observa?ons:	
  Simula?ons	
  of	
  Winter	
  
Storms	
  Impac?ng	
  the	
  Complex	
  Terrain	
  of	
  Northern	
  California	
  	
  
	
  	
  
David	
  Kingsmill1,2,	
  Isidora	
  Jankov3,4,	
  Evelyn	
  Grell1,2,	
  Linda	
  Wharton1,4,	
  Sara	
  
Michelson1,2,	
  and	
  Brad	
  Ferrier5	
  
1Univeristy	
  of	
  Colorado,	
  CooperaIve	
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  for	
  Research	
  in	
  Environmental	
  Sciences,	
  Boulder,	
  CO	
  
2NOAA	
  Earth	
  System	
  Research	
  Laboratory,	
  Physical	
  Sciences	
  Division,	
  Boulder,	
  CO	
  
3Colorado	
  State	
  University,	
  CooperaIve	
  InsItute	
  for	
  Research	
  in	
  the	
  Atmosphere,	
  Fort	
  Collins,	
  CO	
  
4NOAA	
  Earth	
  System	
  Research	
  Laboratory,	
  Global	
  Systems	
  Division,	
  Boulder,	
  CO	
  
5NOAA	
  NaIonal	
  Centers	
  for	
  Environmental	
  PredicIon,	
  Environmental	
  Modeling	
  Center,	
  and	
  IMSG,	
  
College	
  Park,	
  MD	
  



NOAA	
  ESRL/GSD	
  has	
  run	
  an	
  ensemble	
  for	
  HMT	
  for	
  various	
  years	
  
Since	
  the	
  2012-­‐2013	
  winter,	
  the	
  domain	
  became	
  North	
  American	
  

Experimental	
  

•  ExREF	
  is	
  a	
  community	
  resource	
  for	
  
development	
  and	
  tesIng	
  of	
  new	
  
ensemble	
  techniques	
  

•  ConfiguraIon	
  can	
  change	
  in	
  
response	
  to	
  partners	
  needs	
  

•  Runs	
  are	
  conducted	
  on	
  NOAA	
  R&D	
  
machines	
  (non-­‐operaIonal)	
  

DistribuIon:	
  STO	
  WFO	
  and	
  CNRFC,	
  WPC,	
  Unidata	
  THREDDS,	
  and	
  new…	
  FirstEnergy	
  Weather	
  (private)	
  



29"

Plans:	
  HIRES	
  (High-­‐Impact	
  
Relocatable	
  Ensemble)	
  

	
  

ParIcipaIon	
  in	
  HMT-­‐WPC	
  Flash	
  Flood	
  
and	
  Winter	
  Weather	
  Experiments	
  

Accomplishments	
  and	
  plans	
  

ImplementaIon	
  of	
  dynamically	
  
downscaled	
  global	
  perturbaIon	
  in	
  

iniIal	
  condiIons	
  

Pilot: Single member for 
HWT 2014 spring 
experiment"
•  Δx=1 km; 800 x 800"

•  AL/GA	
  @	
  4/7	
  13	
  UTC	
  
•  GA/FL	
  @	
  4/7	
  21	
  UTC	
  
•  FL	
  @	
  4/9	
  09	
  UTC	
  

Will	
  be	
  deployed	
  in	
  HWT	
  
2014	
  Spring	
  Experiment	
  



See Thursday Poster Session, 2:10-3:30!
!
The Experimental Regional Ensemble Forecast System (ExREF) "
 "
Ligia Bernardet1, Isidora Jankov1, Steve Albers1, Kirk Holub1, David 
Reynolds2, T. Workoff3, F. Barthold3, W. Hogsett3, and J. Du4"
1NOAA ESRL Global Systems Division, Boulder, CO"
2NOAA ESRL Physical Science Division, Boulder, CO"
3NOAA NCEP – Weather Prediction Center, College Park, MD"
4NOAA NCEP – Environmental Prediction Center, College Park, MD"



The	
  NOAA	
  Hydrometeorology	
  Testbed	
  
Southeast	
  Pilot	
  Study	
  (HMT-­‐SEPS)	
  



HMT-­‐SEPS	
  Overview	
  
  Planned	
  for	
  May	
  2013	
  –	
  September	
  2014	
  

in	
  western	
  North	
  Carolina	
  (Upper	
  
Catawba	
  watershed)	
  
  OperaIonally-­‐oriented	
  research	
  on	
  

extreme	
  precipitaIon	
  and	
  forecast	
  
challenge	
  idenIficaIon	
  (QPE	
  and	
  QPF)	
  

  NOAA	
  instrumentaIon	
  plus	
  leverage	
  
addiIonal	
  assets	
  from	
  NASA	
  ground	
  
validaIon	
  campaign	
  
  (IPHEX)	
  –	
  May-­‐June	
  2014	
  

  “Pilot	
  study”:	
  Long-­‐term	
  plan,	
  vision	
  
uncertain	
  



HMT-­‐SEPS	
  Instrument	
  Deployment	
  

Site	
  Name	
  
Site	
  
ID	
  

Elev	
  
(m)	
   449	
   915	
   RASS	
  

S-­‐
band	
   Met	
  

Soil	
  
Moisture	
   Parsivel	
  

Brindletown	
   BDT	
   355	
   	
  	
   	
  	
   	
  	
   	
  	
   X	
   X	
   X	
  

Crossnore	
   CNE	
   1008	
   	
  	
   	
  	
   	
  	
   	
  	
   X	
   X	
   X	
  

Hankins	
   HKS	
   379	
   	
  	
   	
  	
   	
  	
   X	
   X	
   	
  	
   X	
  

Marion	
   MRO	
   384	
   	
  	
   X	
   X	
   	
  	
   X	
   	
  	
   X	
  

Mount	
  Hebron	
   MTH	
   519	
   	
  	
   	
  	
   	
  	
   	
  	
   X	
   X	
   X	
  

New	
  Bern	
   EWN	
   3	
   X	
   	
  	
   	
  	
   X	
   X	
   	
  	
   X	
  

Old	
  Fort	
   OFT	
   421	
   X	
   	
  	
   X	
   X	
   X	
   	
  	
   X	
  

Spruce	
  Pine	
   SPE	
   833	
   	
  	
   	
  	
   	
  	
   	
  	
   X	
   X	
   X	
  

Table	
  Rock	
   TBR	
   356	
   	
  	
   	
  	
   	
  	
   	
  	
   X	
   X	
   X	
  

Woodlawn	
   WLN	
   523	
   	
  	
   	
  	
   	
  	
   	
  	
   X	
   X	
   X	
  

•  4	
  profiler	
  sites	
  and	
  6	
  surface	
  
meteorology	
  sites	
  	
  

•  AddiIonal	
  NASA	
  precipitaIon	
  gauge	
  
and	
  disdrometer	
  added	
  to	
  each	
  
surface	
  site	
  



HMT-­‐SEPS	
  QPF	
  Modeling	
  Efforts	
  
  Working	
  closely	
  with	
  the	
  NOAA	
  Global	
  Systems	
  Division	
  HMT-­‐Ensemble	
  modeling	
  system	
  team	
  to	
  

distribute	
  increasing	
  amounts	
  of	
  forecast	
  informaIon	
  from	
  their	
  9-­‐member,	
  9-­‐km	
  North	
  American	
  
Ensemble.	
  	
  

  Working	
  with	
  NWS	
  Eastern,	
  Southern	
  Region	
  Headquarters	
  on	
  what	
  they’d	
  like	
  to	
  use	
  and	
  how	
  to	
  
most	
  smoothly	
  get	
  it	
  into	
  AWIPS	
  (and	
  to	
  rest	
  of	
  user	
  community	
  via	
  NOMADS)	
  

  Pursuing	
  improving	
  real-­‐Ime	
  verificaIon	
  capacity,	
  visibility	
  (of	
  both	
  HMT-­‐Ensemble	
  and	
  
operaIonal	
  models;	
  focused	
  on	
  SE	
  ideally)	
  

  Also	
  in	
  planning	
  stages	
  of	
  3-­‐km	
  Southeast	
  Ensemble	
  Forecast	
  System	
  for	
  FY14	
  

  Open	
  quesIons	
  involve	
  reliability,	
  uIlity	
  to	
  forecasters,	
  logisIcs	
  of	
  gehng	
  data	
  to	
  NWSFOs:	
  Is	
  it	
  
wanted	
  at	
  all,	
  if	
  so,	
  how	
  much	
  data?	
  

Real-­‐,me	
  verifica,on	
  example	
  (Example	
  of	
  QPF	
  from	
  2011	
  HMT-­‐Ensemble)	
  



QPE	
  EvaluaIon	
  in	
  HMT-­‐SEPS	
  

MRMS with	
  KPIX	
  radar	
   MRMS without	
  KPIX	
  radar	
  

• Similar to QPE evaluation approach 
in HMT-West"

• Gauge, radar, and satellite QPE "
•  MRMS"
•  MPE"
•  SCaMPR"
•  CMORPH"
•  Others?"

• Data fusion development and 
testing "



HMT-­‐SEPS	
  QPF	
  Research	
  
 Extreme	
  precipitaIon	
  work	
  is	
  not	
  regionally-­‐bound	
  to	
  
western	
  NC	
  

 Three	
  main	
  components	
  to	
  date:	
  	
  
  Southeast	
  US	
  extreme	
  precipitaIon	
  climatology	
  	
  
  Extreme	
  event	
  case	
  studies,	
  WRF	
  model	
  sensiIvity	
  studies	
  	
  
  WPC	
  (HPC)	
  QPF	
  verificaIon;	
  linking	
  forecast	
  metrics	
  to	
  event	
  types	
  from	
  

climo	
  
Extreme	
  precipita,on	
  event	
  climatology	
   Extreme	
  precipita,on	
  event	
  case	
  studies	
   QPF	
  verifica,on	
  



See Friday, 8:30-9:30 !
!
The NOAA GPM Proving Ground and Hydrometeorology Testbed 
Southeast Pilot Study"
!
Rob Cifelli, Allen White, NOAA/OAR/ESRL"
Ralph Ferraro, Bob Kuligowski, Chandra Kondragunta, NOAA/NESDIS"
Pingping Xie, Yu Zhang, Mike Bodner, NOAA/NWS"



2013	
  HMT-­‐WPC	
  Winter	
  Weather	
  Experiment	
  
January	
  15	
  –	
  February	
  15,	
  2013	
  

  Experiment	
  AcIviIes	
  
  ProbabilisIc	
  snowfall	
  forecasts	
  
  Decision	
  support	
  briefing	
  
  Day	
  4-­‐5	
  winter	
  weather	
  outlook	
  	
  
  SubjecIve	
  evaluaIon	
  

  Lessons	
  Learned	
  
  Winter	
  weather	
  outlook	
  forecasts	
  are	
  an	
  

operaIonal	
  goal*	
  
  CommunicaIng	
  complex	
  forecast	
  informaIon	
  to	
  	
  
	
  	
  	
  	
  Decision	
  makers	
  takes	
  pracIce	
  

  Rime	
  factor-­‐modified	
  snowfall	
  accumulaIon	
  
technique	
  appears	
  promising*	
  

Explore	
  the	
  use	
  of	
  ensemble	
  systems	
  to	
  beeer	
  quanIfy	
  and	
  
communicate	
  uncertainty	
  in	
  winter	
  weather	
  forecasts	
  

Explore	
  new	
  techniques	
  for	
  deriving	
  snowfall	
  accumulaIons	
  from	
  
numerical	
  models	
  

*further testing conducted during 2014 experiment"

Public Forecast Graphic!

Day 4 Forecast and 
Snowfall Observations!



See	
  Thursday	
  Poster	
  Session,	
  2:10-­‐3:30	
  
	
  
The	
  Development	
  and	
  Tes?ng	
  of	
  a	
  Day	
  4-­‐7	
  Probabilis?c	
  Winter	
  Weather	
  
Forecast	
  at	
  the	
  Weather	
  Predic?on	
  Center	
  	
  
	
  
Michael	
  J.	
  Bodner1,	
  Thomas	
  E.	
  Workoff1,2	
  ,	
  Faye	
  E.	
  Barthold1,3,	
  Keith	
  F.	
  Brill1,	
  
Wallace	
  A.	
  Hogsee1,	
  David	
  R.	
  Novak1	
  
1NOAA/NWS/Hydrometeorological	
  PredicIon	
  Center,	
  College	
  Park,	
  MD	
  
2Systems	
  Research	
  Group,	
  Inc.,	
  Colorado	
  Springs,	
  CO	
  
3I.M.	
  Systems	
  Group,	
  Inc.,	
  Rockville,	
  MD	
  



2013	
  Flash	
  Flood	
  and	
  Intense	
  Rainfall	
  Exp.	
  
July	
  8-­‐26,	
  2013	
  

  Joint	
  HMT-­‐WPC,	
  NSSL,	
  and	
  ESRL	
  effort	
  
  Experiment	
  AcIviIes	
  

  ProbabilisIc	
  QPF	
  and	
  flash	
  flood	
  forecasts	
  
  SubjecIve	
  evaluaIon	
  

  Lessons	
  Learned	
  
  High	
  resoluIon	
  convecIon-­‐allowing	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

guidance	
  is	
  a	
  vital	
  to	
  evaluaIon	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
the	
  flash	
  flood	
  threat	
  

  Gap	
  in	
  understanding	
  exists	
  between	
  the	
  
meteorological	
  and	
  hydrologic	
  aspects	
  of	
  flash	
  flood	
  
forecasIng	
  

  Neighborhood	
  probabiliIes	
  of	
  QPF	
  >	
  FFG	
  provide	
  
valuable	
  guidance	
  

Explore	
  techniques	
  to	
  improve	
  short-­‐term	
  QPF	
  and	
  flash	
  flood	
  
forecasts	
  in	
  support	
  of	
  WPC’s	
  new	
  MetWatch	
  Desk	
  

Point Probability QPF 
> FFG!

Neighborhood 
Probability QPF > FFG!

Probabilistic Flash 
Flood Forecast! Flash Flood Reports!



See	
  Thursday,	
  1:30-­‐1:50	
  	
  
	
  
The	
  Flash	
  Flood	
  and	
  Intense	
  Rainfall	
  Experiment:	
  Lessons	
  Learned	
  
and	
  Future	
  Plans	
  
	
  
Thomas	
  E.	
  Workoff1,2,	
  Faye	
  E.	
  Barthold1,3,	
  David	
  R.	
  Novak1,	
  Wallace	
  
A.	
  Hogsee1,	
  Ligia	
  Bernardet4,	
  J.J.	
  Gourley5,	
  Kelly	
  Mahoney6	
  
1NOAA/NWS/Weather	
  PredicIon	
  Center,	
  College	
  Park,	
  MD	
  
2Systems	
  Research	
  Group,	
  Inc.,	
  Colorado	
  Springs,	
  CO	
  
3I.M.	
  Systems	
  Group,	
  Inc.,	
  Rockville,	
  MD	
  
4NOAA	
  Earth	
  Systems	
  Research	
  Laboratory/Global	
  Systems	
  Division,	
  Boulder,	
  CO	
  
5NOAA/NaIonal	
  Severe	
  Storms	
  Laboratory,	
  Norman,	
  OK	
  
6CIRES/University	
  of	
  Colorado/NOAA	
  Earth	
  Systems	
  Research	
  Laboratory,	
  Boulder,	
  
CO	
  
	
  



Key	
  Documenta?on	
  on	
  CalWater	
  2	
  



CalWater	
  2:	
  	
  Key	
  Science	
  Gaps	
  
•  Evolu?on	
  and	
  structure	
  of	
  ARs,	
  including	
  quanIfying	
  terms	
  in	
  

the	
  water	
  vapor	
  transport	
  budget	
  (air-­‐sea	
  flux,	
  rainout,	
  
frontal	
  convergence,	
  entrainment	
  from	
  tropics)	
  

•  Predic?on	
  of	
  aerosol	
  burdens	
  and	
  proper?es	
  during	
  
interconInental	
  transport	
  from	
  remote	
  source	
  regions	
  to	
  the	
  
U.S.	
  West	
  Coast	
  

•  Aerosol	
  interac?ons	
  with	
  ARs	
  and	
  the	
  impact	
  on	
  
precipita?on,	
  including	
  locally	
  generated	
  aerosol	
  effects	
  on	
  
orographic	
  precipitaIon	
  along	
  the	
  U.S.	
  West	
  Coast	
  



NOTAM	
  
Pt	
  

Lat	
   Lon	
  

NW	
   41	
   139	
  

NE	
   43	
   133	
  

SW	
   28	
   135	
  

SE	
   30	
   129	
  

50 nm X 
100 nm 
box"

100 nm 
X 100 
nm box"

Budget	
  
box	
  

Lat	
   Lon	
  

1	
  NE	
   33.6	
   133.3	
  

1	
  SE	
   32.1	
   132.9	
  

1SW	
   31.8	
   133.9	
  

1	
  NW	
   33.3	
   134.3	
  

2	
  SW	
   34.5	
   134.7	
  

2	
  NW	
   36.0	
   135.1	
  

2	
  N	
  
center	
  

36.3	
   134.15	
  

2	
  S	
  center	
   34.8	
   133.75	
  

2	
  SE	
   35.1	
   132.8	
  

2	
  NE	
   36.6	
   133.2	
  

3	
  SW	
   38.2	
   133.9	
  

3	
  NW	
   39.7	
   134.3	
  

3	
  NE	
   40.0	
   133.3	
  

3	
  SE	
   38.5	
   132.9	
  

Box 1!

Box 2!

Box 3!



Long-range transported dust 
and biological aerosols	



Mid-level orographic cloud	


(ice formation from dust and biological IN)	



Stratiform cloud	


(droplets formed from 
sea salt and rimed ice 

crystals)	



Ice rimes and 
falls	



Snow/graupel	



    	

Pacific Ocean	

 Central Valley	



1	



2	



3	



4	



5	



6	



Sierra Nevada Range	



0°C level	



Cold rain	

 Sierra Barrier Jet (SBJ)	


(contains boundary layer pollution)	



Atmospheric 
river (AR)	



(moist, marine air)	



A
lti
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m
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(A) Prefrontal 

Dust/biological aerosol	


Cloud droplet formed from sea salt	

 Ice crystal (grown from initial ice 

crystal)	



Highly rimed ice crystal	



Snow	



Graupel	



Cold rain	



Warm rain	

Supercooled cloud droplet	



Initial ice crystal formed from 
dust/biological aerosol	



Creamean	
  et	
  al.	
  (2013,	
  Science)	
  



HMT	
  and	
  the	
  Sonoma	
  
County	
  Water	
  Agency	
  

  Reservoir	
  operaIons	
  and	
  
benefits	
  
  Lake	
  Mendocino	
  
operated	
  for	
  flood	
  
control	
  (winter)	
  and	
  
water	
  supply	
  (summer)	
  

  Can	
  forecast	
  based	
  
operaIons	
  provide	
  
increased	
  storage	
  for	
  
improved	
  flows	
  during	
  
summer	
  Ime?	
  



HMT	
  and	
  SCWA	
  

 QuanItaIve	
  precipitaIon	
  
esImaIon	
  (QPE)	
  
  EvaluaIon	
  of	
  Mountain	
  
Mapper	
  precipitaIon	
  
gradients	
  

  Adaptable	
  verIcal	
  profile	
  of	
  
reflecIvity	
  (VPR)	
  correcIon	
  in	
  
different	
  terrain	
  regions	
  



HMT	
  and	
  SCWA	
  

 Observing	
  system	
  
deployments	
  
  CharacterizaIon	
  of	
  
soil	
  moisture	
  above	
  
Lake	
  Mendocino	
  

  Rain	
  gauge	
  
measurements	
  to	
  
support	
  Mt.	
  Mapper	
  
evaluaIon	
  

  PrecipitaIon	
  
profilers	
  (S-­‐PROFs)	
  
for	
  VPR	
  correcIon	
  

Measure VPR at 3 
distances along a 100-km 
radial from KPIX"
-  Coastal mountain (CZD)"
-  Inland valley (Santa 

Rosa)"
-  Inland mtn (near St 

Helena)"

Measure VPR above 
Lake Sonoma 
Headwaters (112 km 
from KPIX)"



HMT	
  and	
  SCWA	
  

  Expand	
  frost	
  
predicIon	
  network	
  	
  
•  AddiIonal	
  winery	
  
observaIons	
  for	
  
model	
  bias	
  
correcIon	
  

•  DST	
  development	
  



HMT	
  and	
  NOAA’s	
  Habitat	
  Blueprint	
  
  NOAA	
  Habitat	
  Blueprint	
  

  A	
  framework	
  to	
  improve	
  habitat	
  for	
  fisheries,	
  marine	
  life,	
  and	
  coastal	
  
communi,es	
  

  California	
  Russian	
  River	
  idenIfied	
  as	
  first	
  Habitat	
  Focus	
  Area	
  
  ObjecIves:	
  

  Rebuild	
  endangered	
  coho	
  and	
  threatened	
  Chinook	
  and	
  steelhead	
  stocks	
  to	
  
sustainable	
  levels	
  through	
  habitat	
  protecIon	
  and	
  restoraIon.	
  

  Improve	
  frost,	
  rainfall,	
  and	
  river	
  forecasts	
  in	
  the	
  Russian	
  River	
  watershed	
  through	
  
improved	
  data	
  collecIon	
  and	
  modeling.	
  

  Increase	
  community	
  and	
  ecosystem	
  resiliency	
  to	
  flooding	
  and	
  drought	
  through	
  
improved	
  planning	
  and	
  water	
  management	
  strategies.	
  

  Five	
  collaboraIon	
  projects	
  
  Involves	
  NWS,	
  NMFS,	
  NOS,	
  OAR	
  +	
  local/regional	
  partners	
  

  Russian	
  also	
  serves	
  as	
  a	
  pilot	
  demonstraIon	
  for	
  IWRSS	
  and	
  NIDIS	
  
  Ongoing	
  NOAA,	
  ACE,	
  USGS,	
  state,	
  and	
  local	
  synergisIc	
  acIviIes	
  to	
  
address	
  water	
  resource	
  management	
  issues	
  	
  



  HMT	
  leads	
  3	
  of	
  5	
  Top	
  Tier	
  CollaboraIve	
  
Projects	
  
  Improve	
  frost	
  forecasIng	
  and	
  
protecIon	
  methods	
  
  Provide	
  tool	
  for	
  vintners	
  and	
  water	
  

agency	
  to	
  beXer	
  manage	
  water	
  demands	
  
during	
  frost	
  periods	
  and	
  provide	
  more	
  
water	
  for	
  fisheries	
  

  Improve	
  weather	
  and	
  river	
  flow	
  
forecasIng	
  to	
  maximize	
  water	
  captured	
  
for	
  reservoirs	
  and	
  fisheries	
  
  Explore	
  benefits	
  of	
  implemen,ng	
  

forecast-­‐based	
  opera,ons	
  to	
  manage	
  
reservoir	
  releases	
  to	
  support	
  fisheries	
  
habitat	
  

  Characterize	
  Russian	
  River	
  tributary	
  
water	
  budget	
  
  Develop	
  collabora,ve	
  hydrologic	
  model	
  

to	
  determine	
  current	
  and	
  future	
  flows	
  in	
  
Russian	
  tributaries	
  and	
  account	
  for	
  water	
  
management	
  ac,vi,es	
  

Big Sulphur

Creek

Little Sulphur

Creek

Crocker

Mill

Creek
Austin

Creek

Willow

Gill

Miller

Maacama

Creek

Sausal

Creek
Gird

Green Valley

Creek

Dutch Bill

West Branch

Hopland

Geyersville

Healdsburg

Santa Rosa

Bodega

#

#

#
Santa Cruz

Santa Rosa

Fort Bragg

Area of Detail
Russian River

Watershed

P a c i f i c

O c e a n

¯
0 2 4 6 8 101

Miles

Russian River Watershed

Select Russian River Sub-basins

Russian River

Russian River Tributaries (100K)

Highway 101

Russian River Watershed



Creamean,	
  J.	
  M.,	
  D.	
  J.	
  Suski,	
  D	
  Rosenfeld,	
  A.	
  Cazorla,	
  P.	
  J.	
  DeMoe,	
  R.	
  C.	
  Sullivan,	
  A.	
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HMT	
  Future	
  Work	
  (FY14-­‐15)	
  
  Finish	
  HMT-­‐Legacy	
  observing	
  system	
  

deployments	
  in	
  California	
  
  Formalize	
  2nd	
  MOU	
  with	
  CA-­‐DWR	
  

  Observing	
  network	
  O&M	
  funding	
  
  Network	
  opImizaIon	
  studies	
  
  Development	
  of	
  decision	
  support	
  tools	
  

  Finish	
  HMT-­‐SEPS	
  in	
  North	
  Carolina	
  
  NOAA	
  component	
  FY13-­‐14	
  
  NASA	
  component	
  FY14	
  

  Carry	
  out	
  MOU	
  with	
  SCWA	
  
  AR	
  case	
  studies	
  for	
  reservoir	
  operaIons	
  
  Improved	
  QPE	
  for	
  the	
  Russian	
  River	
  Basin	
  
  AddiIonal	
  rain	
  gauge/soil	
  moisture	
  monitoring	
  

sites	
  
  Benefits	
  analysis	
  

  Implement	
  plans	
  for	
  CalWater	
  2	
  (FY15)	
  
  Coordinate	
  with	
  NMFS	
  on	
  Russian	
  River	
  

Habitat	
  Blueprint	
  projects	
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